The cloning, functional Analysis and identification of SNPs associated with growth traits of three digestive enzymes in Haliotis diversicolor by 曹怀峰
  
答辩委员会主席：           
评    阅    人：           
2016 年 5 月 
 
学校编码：10384                           分类号      密级          







硕 士 学 位 论 文 
   
杂色鲍三种消化酶基因的克隆、功能分析
及与生长相关的 SNP位点筛查 
The cloning, functional Analysis and identification of 
SNPs associated with growth traits of three digestive 
enzymes in Haliotis diversicolor 
曹怀峰 
指导教师姓名： 黄河清 教授 
         专  业 名 称： 生物化学与分子生物学 
论文提交日期： 
论文答辩时间： 2016年 5月 18日 


















另外，该学位论文为（                            ）课题
（组）的研究成果，获得（               ）课题（组）经费或实




声明人（签名）：             






















（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于  
年  月  日解密，解密后适用上述授权。 






声明人（签名）：             

















摘要 .............................................................................................................................. 1 
Abstract ...................................................................................................................... 3 
第一章 绪论 ......................................................................................................... 5 
1.1 研究背景 ......................................................................................................... 5 
1.2 几种生长相关消化酶基因的研究进展 ......................................................... 5 
1.2.1 褐藻胶裂解酶 ................................................................................................ 6 
1.2.2 纤维素酶 ....................................................................................................... 7 
1.2.3 淀粉酶 ........................................................................................................... 9 
1.3 DNA分子标记技术的种类和特征 ................................................................ 9 
1.3.1 第一代分子标记技术 ................................................................................. 10 
1.3.2 第二代分子标记技术 ................................................................................. 11 
1.3.3 第三代分子标记技术 ................................................................................. 12 
1.4 本研究的目的意义 ........................................................................................... 17 
第二章 杂色鲍三个酶的基因克隆和表达分析 ...................................... 19 
第一节 杂色鲍褐藻胶裂解酶（Alginate lyase）的基因克隆 ........................ 19 
2.1.1 材料与方法 ................................................................................................. 19 
2.1.1.1 实验动物 .............................................................................................. 19 
2.1.1.2 主要试剂和仪器 .................................................................................. 19 
2.1.1.3 实验方法 .............................................................................................. 19 
2.1.2 结果 ............................................................................................................. 37 
2.1.2.1 杂色鲍 Alginate lyase 基因的中间片段序列 ..................................... 37 
2.1.2.2 杂色鲍 Alginate lyase 基因的 cDNA 全长序列 ................................. 38 
2.1.2.3 杂色鲍 Alginate lyase 基因上游序列 ................................................. 39 
2.1.2.4 杂色鲍 Alginate lyase 基因的同源和系统发育分析 ......................... 40 
2.1.3 讨论 ............................................................................................................. 42 
















2.2.1 杂色鲍 cellulase 基因序列克隆 ............................................................. 44 
2.2.1.1 杂色鲍 cellulase 基因中间片段的序列克隆 ....................................... 44 
2.2.1.2 杂色鲍 Cellulase 基因 cDNA 序列全长的克隆 .................................. 45 
2.2.1.3 杂色鲍 Cellulase 基因上游序列的克隆 .............................................. 46 
2.2.1.4 杂色鲍 Cellulase 基因 DNA 全长的克隆 ........................................... 46 
2.2.2 结果 ............................................................................................................. 46 
2.2.2.1 杂色鲍 Cellulase 基因的中间片段 ..................................................... 46 
2.2.2.2 杂色鲍 Cellulase 基因的 cDNA 全长序列 ......................................... 47 
2.2.2.3 杂色鲍 Cellulase 基因的上游序列 ..................................................... 49 
2.2.2.4 杂色鲍 Cellulase 基因的 DNA 全长序列 .......................................... 49 
2.2.2.5 杂色鲍 Cellulase 基因的同源与系统发育分析 ................................. 51 
2.2.3 讨论 ......................................................................................................... 53 
第三节 杂色鲍淀粉酶（Amylase）基因的克隆 .............................................. 55 
2.3.1 杂色鲍 Amylase 基因序列克隆 ............................................................. 55 
2.3.1.1 杂色鲍 Amylase 基因中间片段的序列克隆 ....................................... 55 
2.3.1.2 杂色鲍 Amylase 基因 cDNA 序列全长的克隆 .................................. 56 
2.3.1.3 杂色鲍 Amylase 基因上游序列的克隆 ............................................... 57 
2.3.1.4 杂色鲍 Amylase 基因序列全长的克隆 ............................................... 57 
2.3.2 结果 ............................................................................................................. 57 
2.3.2.1 杂色鲍 Amylase 基因的中间片段 ...................................................... 57 
2.3.2.2 杂色鲍 Amylase 基因的 cDNA 全长序列 ......................................... 57 
2.3.2.3 杂色鲍 Amylase 基因的上游序列 ...................................................... 59 
2.3.2.4 杂色鲍 Amylase 基因的 DNA 全长序列 ........................................... 60 
2.3.2.5 杂色鲍 Amylase 基因的同源与系统发育分析 .................................. 61 
2.3.3 讨论 ......................................................................................................... 64 
第四节 杂色鲍 Alginate lyase、Cellulase和 Amylase的时空表达分析 ...... 66 
2.4.1 材料与方法 ................................................................................................. 66 
2.4.1.1 实验动物 .............................................................................................. 66 
2.4.1.2 主要试剂和仪器 .................................................................................. 66 
















2.4.2 结果 ............................................................................................................. 69 
2.4.3 讨论 ............................................................................................................. 72 
第三章 四种不同饵料对杂色鲍三种酶酶活的影响 ............................ 73 
第一节 四种不同饵料对杂色鲍 Alginate lyase酶活的影响 .......................... 73 
3.1.1 材料与方法 ................................................................................................. 73 
3.1.1.1 实验动物 .............................................................................................. 73 
3.1.1.2 主要试剂和仪器 .................................................................................. 73 
3.1.1.3 实验方法 .............................................................................................. 73 
3.1.2 结果 ......................................................................................................... 77 
3.1.3 讨论 ......................................................................................................... 79 
第二节 四种不同饵料对杂色鲍 Cellulase酶活的影响 ................................... 80 
3.2.1 Cellulase 酶活测定方法 .............................................................................. 80 
3.2.2 结果 ......................................................................................................... 81 
3.2.3 讨论 ......................................................................................................... 83 
第三节 四种不同饵料对杂色鲍 Amylase酶活的影响 .................................... 84 
3.3.1 Amylase 酶活测定方法 ............................................................................... 84 
3.3.2 结果 ......................................................................................................... 85 
3.3.3 讨论 ......................................................................................................... 88 
第四章 杂色鲍与生长相关的褐藻胶裂解酶基因 SNP的筛查 ........ 89 
4.1 材料与方法 .................................................................................................... 89 
4.1.1 实验动物 ................................................................................................. 89 
4.1. 2 主要试剂和仪器 .................................................................................... 89 
4.1. 3 实验方法 ................................................................................................ 89 
4.1. 3.1 高通量测序 ......................................................................................... 89 
4.1. 3.2 SNP 位点的筛查及与生长性状关联性分析 ...................................... 96 
4.2 结果 ................................................................................................................ 96 
4. 3 讨论 ............................................................................................................... 98 
















5.1 主要结论 ........................................................................................................... 99 
5.2 创新点 ............................................................................................................. 100 
5.3 研究展望 ......................................................................................................... 100 
致谢 .......................................................................................................................... 101 
参考文献 ................................................................................................................. 103 
附录 .......................................................................................................................... 111 
附录一 本研究中用到的主要仪器 ...................................................................... 111 
附录二 本研究中用到的主要试剂 ...................................................................... 112 
附录三 主要溶液配制 .......................................................................................... 113 
附录四 P5 index 引物序列 ................................................................................. 114 
附录五 P7 index 引物序列 ................................................................................. 115 



















Abstract ...................................................................................................................... 1 
Chapter 1 Introduction ......................................................................................... 5 
1.1 Research background ......................................................................................... 5 
1.2 Research progresses on three genes related with growth ................................ 5 
1.2.1 Alginate lyase ................................................................................................. 6 
1.2.2 Cellulase ......................................................................................................... 7 
1.2.3 Amylase .......................................................................................................... 9 
1.3 Types and characteristics of DNA molecular markers .................................... 9 
1.3.1 The first generation of molecular markers ................................................... 10 
1.3.2 The second generation of molecular markers .............................................. 11 
1.3.3 The third generation of molecular markers .................................................. 12 
1.4 Meanings of this research ................................................................................ 17 
Chapter 2 The Cloning and expression analysis of three enzymes in 
Haliotis diversicolor............................................................................................... 19 
Section 1 The Cloning of Alginate lyase in Haliotis diversicolor ......................... 19 
2.1.1 Materials and methods ................................................................................. 19 
2.1.1.1 Animals .................................................................................................. 19 
2.1.1.2 Reagents and instruments ...................................................................... 19 
2.1.1.3 Methods ................................................................................................. 19 
2.1.2 Results .......................................................................................................... 37 
2.1.2.1 Gene sequence for middle segment of Alginate lyase ........................... 37 
2.1.2.2 The cDNA sequence and structure analysis of Alginate lyase .............. 38 
2.1.2.3 The upstream sequence of Alginate lyase ............................................. 39 
2.1.2.4 The homology and phylogenetic analysis of Alginate lyase ................. 40 
2.1.3 Discussion .................................................................................................... 42 
Section 2 The Cloning of Cellulase in Haliotis diversicolor ................................. 44 
2.2.1 The Cloning of Cellulase in Haliotis diversicolor ................................... 44 
2.2.1.1 Gene sequence for middle segment of Cellulase ................................... 44 
2.2.1.2 The cDNA sequence and structure analysis of Cellulase ...................... 45 
2.2.1.3 The upstream sequence of Cellulase ..................................................... 46 
















2.2.2 Results .......................................................................................................... 46 
2.2.2.1 Gene sequence for middle segment of Cellulase ................................... 46 
2.2.2.2 The cDNA sequence and structure analysis of Cellulase ...................... 47 
2.2.2.3 The upstream sequence of Cellulase ..................................................... 49 
2.2.2.4 The whole DNA sequence of Cellulase ................................................. 49 
2.2.2.5 The homology and phylogenetic analysis of Cellulase ......................... 51 
2.2.3 Discussion ................................................................................................ 53 
Section 3 The Cloning of Amylase in Haliotis diversicolor .................................. 55 
2.3.1 The Cloning of Amylase in Haliotis diversicolor .................................... 55 
2.3.1.1 Gene sequence for middle segment of Amylase .................................... 55 
2.3.1.2 The cDNA sequence and structure analysis of Amylase ....................... 56 
2.3.1.3 The upstream sequence of Amylase ...................................................... 57 
2.3.1.4 The whole DNA sequence of Amylase .................................................. 57 
2.3.2 Results .......................................................................................................... 57 
2.3.2.1 Gene sequence for middle segment of Amylase.................................... 57 
2.3.2.2 The cDNA sequence and structure analysis of Amylase ....................... 57 
2.3.2.3 The upstream sequence of Amylase ...................................................... 59 
2.3.2.4 The whole DNA sequence of Amylase .................................................. 60 
2.3.2.5 The homology and phylogenetic analysis of Amylase .......................... 61 
2.3.3 Discussion ................................................................................................ 64 
Section 4 The emporal and spatial expression analysis of Alginate lyase、
Cellulase and Amylase ............................................................................................ 66 
2.4.1 Materials and methods ................................................................................. 66 
2.4.1.1 Animals .................................................................................................. 66 
2.4.1.2 Reagents and instruments ...................................................................... 66 
2.4.1.3 Methods ................................................................................................. 66 
2.4.2 Results .......................................................................................................... 69 
2.4.3 Discussion .................................................................................................... 72 
Chapter 3 The affect of 3 enzyme’ activities on four different diets ... 73 
Section 1 The affect of Alginate lyase’ enzyme activity on four different diets . 73 
3.1.1 Materials and methods ................................................................................. 73 
3.1.1.1 Animals .................................................................................................. 73 
















3.1.1.3 Methods ................................................................................................. 73 
3.1.2 Results ...................................................................................................... 77 
3.1.3 Discussion ................................................................................................ 79 
Section 2 The affect of Cellulase’ enzyme activity on four different diets ........ 80 
3.2.1 The enzyme activity assay of Cellulase ....................................................... 80 
3.2.2 Results ...................................................................................................... 81 
3.2.3 Discussion ................................................................................................ 83 
Section 3 The affect of Amylase’ enzyme activity on four different diets ......... 84 
3.3.1 The enzyme activity assay of Amylase ........................................................ 84 
3.3.2 Results ...................................................................................................... 85 
3.3.3 Discussion ................................................................................................ 88 
Chapter 4 Screening the SNPs of Alginate lyase associated with 
growth trait ............................................................................................................. 89 
4.1 Materials and methods .................................................................................... 89 
4.1.1 Animals ..................................................................................................... 89 
4.1. 2 Reagents and instruments ........................................................................ 89 
4.1. 3 Methods ................................................................................................... 89 
4.1. 3.1 High-throughput sequencing ................................................................ 89 
4.1. 3.2 SNPs associated with growth traits of Alginate lyase .......................... 96 
4.2 Results ............................................................................................................. 96 
4. 3 Discussion ...................................................................................................... 98 
Chapter 5 Conclusion and prospects ............................................................. 99 
5.1 main conclusion ................................................................................................ 99 
5.2 Innovation points ............................................................................................ 100 
5.3 Prospects .......................................................................................................... 100 
Acknowledges ....................................................................................................... 101 
References .............................................................................................................. 103 
Appendix ................................................................................................................ 111 
Appendix 1 Instruments used in this research ................................................... 111 
Appendix 2 Reagents used in this research ........................................................ 112 
















Appendix 4 P5 index primer sequences .............................................................. 114 
Appendix 5 P7 index primer sequences .............................................................. 115 
Appendix 6 The combinations of P5 and P7 indexs used to distinguish between 
























序 SNP 位点检测及与生长性状的关联分析，筛选出与生长性状显著关联的 SNP
位点，以期为选择育种提供重要依据。主要结果如下： 
1、利用 PCR 及末端快速扩增技术（RACE）技术以及基因步移技术（Genome 
Walking）克隆获得三个基因的 cDNA 全长、DNA 全长及上游序列，其中淀粉酶
只获得了部分内含子。褐藻胶裂解酶 cDNA 序列全长 927bp，无内含子，开放阅
读框（ORF）长 720bp，上游序列 5052bp；纤维素酶基因 cDNA 序列全长 1962bp，
开放阅读框长 1782bp， DNA 全长 5649bp，含 9 个外显子和 8 个内含子，上游
序列长度为 719bp；杂色鲍 amylase 的 cDNA 序列全长 2195bp，开放阅读框长
2097bp， DNA 部分全长 4302bp，含 4 个外显子和 3 个内含子，上游序列长度为
2340bp。 








4、通过高通量测序，在褐藻胶裂解酶基因中找到 84 个 SNP 位点，与生长






































Haliotis diversicolor is an important abalone species in southern aquaculture of 
China, and has an important economic value.Studying on genes related to growth and 
its expression patterns, screening SNPs associated with growth traits is great significant 
to understand the molecular mechanisms regulated by growth traits and to breed new 
varieties with excellent traits. Abalone are herbivorous mollusks, seaweeds are the main  
source of food and energy, and polysaccharide-degrading enzymes prominent in the 
digestive fluid of abalone are alginate lyase, cellulase, mannanase, β-1,3-glucanase, and 
α-amylase. So this study put these three genes: alginate lyase, cellulase and amylase as 
candidate genes related to growth. Screen SNPs associated with growth traits to Provide 
an important basis for selective breeding, through associating its cloning, the impact of 
enzyme activitis on different diets and High-throughput sequencing for SNPs associated 
with growth traits. The main results are as follows: 
1. The DNA, full-length cDNA and upstream sequences of three genes –alginate 
lyase, cellulase and amylase -were cloned through Polymerase chain reaction, the Rapid 
amplification of cDNA ends method and Genome walking Kit. Yet part of amylase 
introns were cloned, not all. The full-length DNA sequence of alginate lyase is 927 bp 
with no introns, and the predicted open reading frame is 720bp, the upstream sequence 
is 5052bp. The full-length cDNA sequence of cellulase is 1962bp, the predicted open 
reading frame is 1782bp, the whole DNA sequence is 5649bp with 9 extrons and 8 
introns, the upstream sequence is 719bp. The full-length cDNA sequence of amylase is 
2195bp, the predicted open reading frame is 2098bp, the partial DNA sequence is 
4302bp with 4 extrons and 3 introns, the upstream sequence is 2340bp. 
2. We found that the expressions of three genes are similar, they are started 
expression in the early-creep period and they are tissue-specifical in hepatopancreas 
through qRT-PCR.  
3.Through the affect of enzyme activities on four different diets-laver kelp, 
compound feeds and gracilaria –we found that they are no significant differences  
between four diets in alginate lyase and cellulase, and the differences between male and 
female in each diet are more notable. α- amylase and β- amylase are existed in consists 
in Haliotis diversicolor, and the enzyme activity of β- amylase is higher than α- amylase.  
The trend of enzyme activity between total amylase and β- amylase is same, They are 
















4.84 SNPs were found in alginate lyase through the High-throughput sequencing, 
and 2 which has significant differences were left after associated with growth Traits, 
they are ALG1016 and ALG1544. Significant correlation with shell lenth is ALG1544 
(P<0.05). Significant correlation with shell width is ALG1016 (P<0.05), and highly 
significant correlation is ALG1544 (P<0.001). highly significant correlation with shell 
height is ALG1016 (P<0.01). Significant correlation with tolal weight are ALG1016 
and ALG1544 (P<0.05).  




































比较突出的多糖降解酶是褐藻胶裂解酶[10] [42]（Shimizu et al., 2003；Suzuki et al., 
2006）、纤维素酶（Suzuki et al., 2003）、甘露聚糖酶（Ootsuka et al., 2006）β-1,3-
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